Cu(NO 3 ) 2 .3H 2 O was demonstrated to be an efficient, regioselective and inexpensive nitrating reagent for the synthesis of mono-nitro substituted phenolic compounds. 12 examples of different phenols were examined. Good yields (67-90%) have been achieved.
Introduction
Nitration of aromatic compounds is one of the most important reactions in organic synthesis, since the nitro compounds are very useful in many industrial processes. [1] [2] [3] [4] [5] They often are critical materials for pharmaceuticals, perfumes, plastics and so on. [6] [7] [8] Usually, nitration reactions suffer from low regioselectivity and over nitration. [9] [10] [11] [12] The typical process usually requires using mixture of concentrated or fuming nitric acid and concentrated sulfuric acid. The disposal of strong acid waste and generation of nitrogen oxide are environmental concerns. Therefore, traditional nitration method seems uneconomical and hazardous.
Nitrophenols, among these useful nitro compounds, present similar problems during synthesis. And as phenols are highly reactive, the nitration of phenols using strong acids is always unselective and leads to side products such as dinitro compounds, oxidized products, and so on. In the last decade, much effort has been made on nitration of phenols. [13] [14] [15] [16] [17] [18] [19] [20] A variety of acidic nitrating agents, including concentrated nitric acid, nitrogen oxides, anhydrides or triflates, and solid acids have been employed. Also many methods have been reported using metal nitrates as source of nitronium ion. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] However, these metal nitrates often need extra co-reagents such as phase transfer catalysts or expensive ionic liquids achieve desirable outcomes. Therefore, it is worthwhile to seek for alternative methods that could overcome these problems.
Recently, we have reported efficient chlorination and bromination of unprotected anilines using copper halides in ionic liquids. 31 Herein, we report our results on highly regioselective mono-nitration of phenols and their derivatives using a metal nitrate without any catalyst or coreagent.
Results and Discussion
We chose 1a as the substrate for initial study. The nitration reactions can be readily carried out by mixing the phenol, nitrating reagent and solvent in a vessel and stirring the resultant heterogeneous mixture. Various metal nitrates were screened and the results are summarized in (Table 1 , entries 6-9). Besides, we also investigated the effect of different solvents on the reaction. Among the solvents used such as THF, CH 3 CN, CH 2 Cl 2 and chloroform, THF was proved to be the best solvent.
After choosing the best nitrating reagent and solvent, nitration of a variety of phenolic compounds by using Cu(NO 3 ) 2 .3H 2 O as the nitrating reagent in THF were examined. The results are summarized in Table 2 . Phenols with electron donating groups were very active and smoothly afforded the p-nitro and o-nitro phenols at around 50 o C in very short time (Table 2 , entries 5 and 6). Although the p-nitro phenols were the major products, they would afford dinitro-product if the reaction time was longer. Phenols with stronger electron withdrawing groups gave similar results, they yielded the p-nitro products as the major product at reflux for longer time without any dinitro-products (Table 2 , entries7, 9 and 11). For phenols with Cl on 2 or 3 positions, they showed better regiospecificity and resulted in p-nitro phenols as the exclusive product, although Cl was also an electron withdrawing group (Table 2, entries 1 and 2). Moreover, the nitration reactions occurred regioselectively at the ortho position relative to the OH group, when there was either an electron donating group or an electron withdrawing group at the para position (Table 2, The reaction were carried out using 1.0 mmol of 1a and 1.5 mmol of nitrate salts. All the products were determined by NMR and mass spectroscopy. 
Conclusions
In summary, Cu(NO 3 ) 2 .3H 2 O was found to be an efficient, safe, and inexpensive nitrating reagent for the synthesis of mono-nitro substituted phenolic compounds either at 50 o C or at reflux. This methodology offers a suitable alternative for the preparation of nitro phenolic compounds in organic synthesis.
Experimental Section
General Unless otherwise noted, solvents and starting materials were obtained from commercial suppliers. All chemicals used were of reagent grade without further purification before use. General experimental procedure for nitration of phenols A suspension of 2-methylphenol (18.5 mmol, 1.0 eq) and Cu(NO 3 ) 2 .3H 2 O (27.7 mmol, 1.5 eq) in THF was stirred magnetically at 60 o C or reflux for several hours. Then after the solvent was removed under vacuum, the mixture was extracted with EtOAc (330 mL). The combined organic layers were washed with brine (5 mL), dried over anhydrous MgSO 4 and concentrated under vacuum. The crude residue was purified by column chromatography to afford the product (67-90%). 
2-Chloro-4-nitrophenol.

